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INTRODUCTICK 
With incressed concern over the effects of pesticides on 
ecosystems end non-taraet species, the use of many toxic 
materials hes either been banned or severly restricted. 
Consequently, 6 more ecological approach to vole damege is 
necessary to develop sounder methods of control. 
Distribution of pine vcles (Microtus ~ i n e t o r e ) ,  both 
seasonally end geogrephically, indicates thet this species 
i s  not reedily adaptable to a wide range of hebitet types or 
conditions. If there ere certain factors limiting the 
occurrence end ebundance of pine voles, end they can be 
detected, w e  may b e  able to exploit this knowledge to 
adbersely affect bole populaticns by menipuleting their 
habitat. 
The objectives of this study were to: (1) quantitatively 
measure both environmental perameters and control methods 
influencing the distribution and amount of damage done by 
pine and meadow voles (Ficrotus pennsylvenicus) in southern 
New Englend apple orchards, end (2) measure parameters which 
m6y determine intre-orchard distribution of the 2 species. 
METHODS 
Environmental perameters thst could have an influence on 
damage caused by distribution and site selection of pine and 
meadow voles were measured at 2 habitat levels. The first 
level, interorcherd, i s  the genere1 hebitet of the orchard 
end its surrounding landscape. The second level, 
intra-orcherd, i s  the specific microhabitat used by 
individusl animels. 
At the general hebitet level, 65 orchsrds in the 
southern New Englano aree were visited to assess vole damege 
and habitet conditions. These orcherds were selected to 
include areas of frequent, occesionel, end rsre (or none) 
vole damtige throughout the study area (Fig. 1).  
F i g u r e  1. D i s t r i b u t i o n  o f  o r c h a r d s  a s s e s s e d  f o r  d a m a g e .  
D e m a g e  a t  e a c h  o r c h a r d  w a s  d e t e r m i n e d  t h r o u g h  a n  
i n t e r v i e w  w i t h  t h e  o w n e r / m a n a g e r  a b o u t  c o n d i t i o n s  f o r  t h e  
p a s t  5 - 1 0  y e e r s  a n d  b y  r a n d o m  t r s n s e c t s  t h r o u g h  t h e  o r c h a r d  
t o  l o c a t e  b u r r o w s ,  r u n w a y s ,  a n d  d a m a g e d  t r e e s .  A D a m a g e  
I n d e x  ( D I )  v a l u e  w a s  t h e n  c e l c u l a t e d  f o r  e e c h  s p e c i e s  a t  t h e  
o r c h a r d .  D I  v e l u e s  w e r e :  
0  - s p e c i e s  n o t  f o u n d  
1 - s p e c i e s  f o u n d ,  n o  d a m a g e  r e c o r d e d  
2 - s o m e  d a m a g e  o c c a s i o n s 1  y e e r s  
3 - s o m e  d a m a g e  e v e r y  y e a r  
4 - i n t e n s i v e  d e m e g e  o c c e s i o n e l  y e a r s  
5 - i n t e n s i v e  d e m a g e  e v e r y  y e a r  
I n t e r v i e w s  w i t h  t h e  o w n e r / m a n n g e r  w e r e  d o n e  t o  f i n d  t h e  
c o n t r o l  m e t h o d s  u s e d  f o r  t h e  p a s t  s e v e r a l  y e a r s ;  t y p e  o f  
p o i s o n ,  t y p e  o f  b a i t ,  a p p l i c a t i o n  m e t h o d  a n d  f r e q u e n c y  o f  
a p p l i c a t i o n ,  a n d  w h e t h e r  h e r b i c i d e s  w e r e  u s e d  a r o u n d  t h e  
t r e e s ;  s g e  o f  t h e  o r c h a r d  b l o c k s ;  s n d  t r e e  t y p e s  e n d  
r o o t s t o c k  i n  t h e  b l o c k s .  Random t r a n s e c t s  t h r o u g h  t h e  
o r c h a r d s  w e r e  d o n e  t o  m e a s u r e  t r e e  d e n s i t i e s ,  t o p o g r a p h y ,  
a n d  g r o u n d  c o v e r .  Random s o i l  s e m p l e s  ( 1  s c m p l e / 2 - 4  h a )  
w e r e  t a k e n  o f  t h e  t o p  2 5  cm o f  t h e  o r c h s r d .  S o i l  s e m p l e s  
w e r e  a n a l y z e d  f o r  t h e  e m o u n t s  o f  g r e v e l ,  s e n d ,  s i l t ,  c l a y ,  
a n d  o r g e n i c  m a t t e r  p r e s e n t ,  pH, b c l l k  d e n s i t y ,  e n d  w a t e r  
m o i s t u r e .  
A t  e a c h  o f  t h e  o r c h e r d s  u s e d  i n  t h e  g e n e r e l  h e b j t s t  
a n a l y s i s ,  s i t e  s p e c i f i c  s o i l  e n d  v e g e t a t i o n  s e m p l e s  w e r e  
t a k e n  f r o m  t r e e s  w h i c h  w e r e  k n o w n  t o  h a v e  b e e n  demaged b y  
e i t h e r  p i n e  o r  meadow v o l e s .  I n  a d d i t i o n ,  s e m p l e s  w e r e  
t a k e n  f r o m  t r e ~ s  w h i c h  s h o w e d  n o  s i g n s  c f  demage a n d  w h i c h  
h a d  n o  b u r r o w s  o r  r u n w a y s  u n d e r  t hem.  
T h e  d i s t r i b u t i o n  o f  v o l e s  a t  7  w e s t e r n  M a s s a c h u s e t t s  
o r c h e r d s  w e r e  d e t e r m i n e d  b y  t r e p p i n g .  E a c h  t r p p p i n g  a r e s  
c o n s i s t e d  o f  1 0 - 1 2  r e n d o m l y  l o c a t e d  g r o p s  o f  3 t r e e s  i n  e 
r o w .  Two S h e r m a n  l i v e  t r a p s  w e r e  p l a c e d  u n d e r  t h e  d r i p l i n e  
o f  e a c h  t r e e  f o l l o w i n g  t h e  p r o c e d u r e  o f  G e t t l e  ( 1 9 7 5 ) .  E e c h  
t r a p p i n g  a r e a  h a s  t r a p p e d  f o r  3 3 - d a y  p e r i o d s  i n  R 
c o n s e c u e t i v e  f a l l  a n d  s p r i n g .  P a r a m e t e r s  m e e s u r e d  e t  e a c h  
t r a p  s i t e  w e r e :  t r e e  t y p c ,  d r i p l i n e  r a d i u s ,  d i s t e n c e  t o  
n e i g h b o r i n g  t r e e s ,  s o i l  t y p e ,  v e g e t a t i o n ,  s l o p e ,  s n d  n u m b e r  
o f  b u r r o w s  a n d  r u n w a y s .  
A n a l y s i s  
D a t e  f o r  b o t h  h a b i t a t  l e v e l s  w e r e  t e s t e d  u s i n g  
d i s c r i m i n a n t  f u n c t i o n  a n a l y s i s ,  a  p r o c e d u r e  f o r  d e t e c t i n g  
a n d  q u e n t i f y i n g  d i f f e r e n c e s  b e t w e e n  s a m p l e  g r o u p s  f r o m  
m u l t i v a r i a t e  d a t a .  D i s c r i m i n a n t  a n a l y s i s  h a s  3 m e j o r  
p u r p o s e s .  The  f i r s t  p u r p o s e ,  d i s c r i m j n e t i o n ,  i s  t o  a n s w e r  
t h e  q u e s t i o n ,  " c s n  we d i s t i n g u i s h  b e t w e e n  g r o u p s ? "  T h e  
s e c o n d  a n d  t h i r d  p u r p o s e s ,  a r e  c l a s s i f i c e t i o n  a n d  
p r e d i c t i o n ,  i . e . ,  "how c a n  we d i s t i n g u i s h  b e t w e e n  g r o u p s  s o  
t h e t  f u t u r e  s u b j e c t s  may b e  c o r r e c t y  g r o u p e d ? "  A s s u m p t i o n s ,  
d a t a  c o m p i l a t i o n ,  e n d  c a l c u l a t i o n s  f o r  t h e  d i s c r i m i n a n t  
p r o c e d u r e  a r e  d i s c u s s e d  b y  L i n d e m e n  e t  a l .  ( 1 9 8 0 ) .  
G r o u p i n g s  o n  t h e  v o l e  d a t a  w e r e  d e t e r m i n e d  b y  t h e  t y p e  o f  
s p e c i e s  p r e s e n t  e n d / o r  t h e  a m o u n t  o f  damege o c c u r i n g .  P t  
p r e s e n t ,  o n l y  s o i l  d a t e  f r o m  t h e  i n t e r - o r c h ~ r d  a n d  i ~ f e s t e d  
t r e e s  h a s  b e e n  a n e l y z e d .  
RESULTS 
I n t e r - o r c h a r d  
D i s c r i m i n a n t  f u n c t i o n  a n a l y s e s  o f  t h e  r a n d o m  s o i l  
s a m p l e s  t a k e n  f r o m  e a c h  o r c h ~ r d  a n d  t h e i r  c o r r e s p o n d i n g  D I  
v a l u e s  s h o w e d  e  4 4 . 3 2  c o r r e c t  c l a s s i f i c a t i o n  f o r  p i n e  v o l e s  
Table 1. Discriminsnt function classification results for 
random soil samples end pine vole DI values. 
Predicted DI Values 
~ i 4 ~ f  2~ i!ie o 1 2  3 4  5 
0 6 7 . 9 %  1 4 . 9  0 .0  7 . 9  4 . 6  4.7 
Table 2 .  Discriminent function classificetion results for 
random soil semples end meedow vole DI values. 
Predicted DI Values 
~f "b!?Ae 0  1 2  3 4  
0 3 9 . 6 %  2 8 . 0  2 .6  2 1 . 0  8 . 4  
T a b l e  3 .  S t e n d e r d i z e d  d i s c r i m i n a n t  f u n c t i o n  c o e f f i c i e n t s  f o r  
p i n e  v o l e  DI v e l u e s  e n d  r endom s o i l  s e m p l e s .  
S e p a r e t e  D I  V a l u e s  P o o l e d  D I  
V a r i a b l e  F u n c .  1 F u n c .  2  F u n c .  3 F u n c .  1 F u n c .  2 
- 
O r g a n i c  M a t t e r  - . 9 0  -. 1 4  -. 5 5  -. 3 0  -. 5 8  
G r a v e l  -. 3 4  - . 4 9  . 1 9  -. 5 8  -. 0 7  
S e n d  -. 6 9  . I 3  -. 1 5  . 5 3  - . I 6  
C l a y  -. 8 1  - . 1 4  . 7 9  -. 0 1  - . 1 5  
P H  -. 2 0  -. 0 9  -. 4 8  - . I 0  . 2 0  
L i t t e r  D e p t h  . 1 6  -. 9 3  -. 0 8  - . 2 7  . 1 9  
B u l k  D e n s i t y  -.11 . I 6  . 0 1  . 1 5  - . 8 2  
M o i s t u r e  C o n t e n t  . 2 6  . 2 6  . 0 2  .4C - . I 5  
D l  Means  
0  
T a b l e  4 .  S t a n d a r d i z e d  d i s c r i m i n a n t  f u n c t i o n  c o e f f i c i e n t s  f o r  
rneedow v o l e  DJ v e l u e s  a n d  r andom s o i l  s a m p l e s .  
S e p a r a t e  DI V a l u e s  P o o l e d  DI 
V a r i a b l e  F u n c .  1 F u n c .  2  F u n c .  3 F u n c .  1 F u n c .  2 
O r g s n i c  M a t t e r  - . I 1  -. 7 7  . 0 4  - . 6 @  . 6 6  
G r a v e l  - . 4 9  -. 3 8  -. 1 9  - . E l  -. 3 8  
S a n d  . 7 2  - . 4 4  -. 6 9  -. 5 3  -. 0 9  
C l a y  . 3 1  -. 8 7  -. 7 2  -. 6 3  -. 7 6  
P H  - . I 3  . 1 7  -. 2 0  . 1 5  . 5 2  
L i t t e r  D e p t h  - . 3 5  . 2 6  . 0 5  -. 7 2  - . I1  
B u l k  D e n s i t y  . 2 5  -. 4 1  1 . 0 1  . 0 5  . 0 1  
M o i s t u r e  C o n t e n t  . 3 0  . I 0  . 8 0  - 3 3  -. 0 4  
DI M e e n s  
0 
T a b l e  5 .  D i s c r i m i n s n t  f u n c t i o n  c l a s s i f i c a t i o n  r e s u l t s  f o r  
r a n d o m  s o i l  s a m p l e s  a n d  c o m b i n e d  p i n e  v o l e  DI  
v a l u e s .  
P r e d i c t e d  DI  V a l u e s  
~ f ~ b ' i ? ' A ~  0 - 1  2 - 3  4 -  5  
T a b l e  6 .  D i s c r i m i n a n t  f u n c t i o n  c l a s s i f i c s t i o n  r e s u l t s  f o r  
r a n d o m  s o i l  s e m p l e s  a n d  c o m b i n e d  meadow v o l ?  DI 
v a l u e s .  
P r e d i c t e d  DI V a l u e s  
~f cbk!~Ae 0-1 2 - 3  4 - 5  
T a b l e  7 .  D i s c r i m i n e n t  f u n c t i o n  c l a s s i f i c a t i o n  f o r  s o i l  
s a m p l e s  t a k e n  f r o m  p i n e  v o l e ,  meadow v o l e ,  a n d  
u n i n f e s t e d  t r e e s .  
P r e d i c t e d  G r o u p  M e m b e r s h i p  
A c t u a l  G r o u p  S a m p l e s  P i n e  Mesdow N e i t h e r  
P i n e  V o l e  D a m a g e d  3  0  4 6 . 7 %  2 0 . 0  3 5 . 3  
Meadow V o l e  D e m e g e d  1 8  5 0 . 0  33.3.  1 6 . 7  
U n d a m a g e d  T r e e s  3  5  2 8 . 6  2 2 . 9  4 8 . 6  
( T a b l e  I )  a n d  a  4 0 . 1 %  c o r r e c t  c l a s s i f i c a t i o n  f o r  m e a d o w  
v o l e s  ( T a b l e  2 ) .  A b o u t  7 6 %  o f  t h e  s a m p l e s ,  h o w e v e r ,  w e r e  
c l a s s i f i e d  i n t o  e i t h e r  t h e  c o r r e c t  D l  v a l u e  o r  t h e  v a l u e  
j u s t  a b o v e  o r  b e l o w  i t  o n  t h e  s c a l e .  T h e r e  w a s  l i t t l e  
o v e r l a p  b e t w e e n  o r c h a r d s  w i t h  n o  c'amage e n d  t h o s e  e x h i b i t i n g  
i n t e n s i v e  d a m s g e .  P e r c e n t  o r g a n i c  m a t t e r  a n d  l i t t e r  d e p t h  
w e r e  t h e  v a r i a b l e s  m o s t  c o r r e l a t e d  w i t h  h i g h  DI v a l u e s  f o r  
p i n e  v o l e s  w h i l e  s o i l  m o i s t u r e  w a s  c o r r e l a t e d  w i t h  l o w  DI  
v a l u e s  ( T a b l e  3 ) .  P e r c e n t  s e n d  w a s  c o r r e l a t e d  w i t h  l o w  
meaoow v o l e  l e v e l s  ( T a b l e  4 ) .  
When t h e s e  t e s t s  w e r e  r e p e a t e d  u s i n g  c o m b i n e d  D l  v a l u e s  
0 -  2 - 3 ,  4 - 5 )  t h e  n u m b e r  o f  s e m p l e s  c o r r e c t l y  c l a s s i f i e d  
w a s  6 1 . 3 2  f o r  p i n e  v o l e s  ( T a b l e  5 )  a n d  5 5 . 5 %  f o r  meadow 
v o l e s  ( T a b l e  6 ) .  F o r  b o t h  s p e c i e s  m o s t  o f  t h e  i n c o r r e c t l y  
c l a s s i f i e d  s a m p l e s  w e r e  f r o m  t h e  o c c a s i o n a l  d a m a g e  DI  v a l u e s  
( 2 - 3 ) .  T h e r e  w a s  l i t t l e  o v e r l a p  b e t w e e n  t h e  s a m p l e s  f o r  
o r c h a r d s  w i t h  n o  d a m s g e  a n d  t h o s e  w i t h  h e a v y  d a m a g e .  H i g h  
p e r c e n t a g e s  o f  o r g a n i c  m a t t e r ,  g r a v e l ,  a n d  m o i s t u r e  w e r e  
r e l a t e d  t o  h i g h  DI  v a l u e s  f o r  p i n e  v o l e s  ( T a b l e  3 ) .  H i g h  DI  
v a l u e s  f o r  m e a d o w  v o l e s  w e r e  r e l a t e d  t o  t h e  a m o u n t  o f  
o r g a n i c  m a t t e r  i n  t h e  s o i l .  
I n t  r e - o r c h a r d  
A n e l y s i s  o f  t h e  s o i l  d a t a  t a k e n  f r o m  d a m a g e d  a n d  
u n d a m a g e d  t r e e s  s h o w e d  n o  c o r r e l a t i o n  b e t w e e n  p r e d i c t e d  a n d  
o b s e r v e d  g r o u p s  ( T a b l e  7 ) .  T h e  s a m p l e s  c o r r e c t l y  c l a s s i f i e d  
w a s  o n l y  4 4 . 6 %  w h i c h  i s  o n l y  s l i g h t l y  b e t t e r  t h a n  r a n d o m  
c h a n c e .  When o n l y  t h e  p i n e  a n d  meadow v o l e  t r e e s  w e r e  
t e s t e d ,  t h e  n u m b e r  o f  s a m p l e s  c o r r e c t l y  c l a s s i f i e d  w a s  7 0 . 8 2  
( T s b l e  8 ) .  T h i s  a n a l y s i s  w o u l d  s e e m  t o  i n d i c a t e  t h a t  
u n i n f e s t e d  t r e e s  d o  n o t  r e p r e s e n t  v o l e  r e s i s t a n t  t r e e s  b u t  
a r e  i n s t e a d  u n o c c u p i e d  h a b i t a t .  
T h e  m o s t  i m p o r t a n t  v a r i a b l e s  i n  t h i s  d i s c r i m i n a t i o n  w e r e  
s a n d ,  s i l t ,  o r g a n i c  m a t t e r ,  a n d  b u l k  d e n s i t y .  H i g h  
p e r c e n t a g e s  o f  o r g a n i c  m a t t e r  a n d  b u l k  d e n s i t y  w e r e  
f a v o r a b l e  t o  p i n e  v o l e s  w h i l e  h i g h  q u a n t i t i t i e s  o f  s a n d  e n d  
s i l t  w e r e  f a v o r a b l e  t o  m e a d o w  v o l e s .  
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Table 8. Discriminant function classification for soil 
samples taken from pine vole and meadow vole 
infested trees. 
Predicted Group 
Actual Group Samples Pine Meadow 
Pine Vole Damaged 3 0 73.3% 2 6 . 7  
Meadow Vole Damaged 1 8  33 .: 6 6 . 7  
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